ta)" he pale eae 
Ears 
NO-2ECO C0046 28-2 


ERG Document 260 


ENERGY AND LABOR INTENSITIES PROJECTED TO THE YEAR 2010 


by 


Bruce Hannon 
Associate Professor 
and 


Andrew R. Pleszkun 
Research Assistant 


Energy Research Group 
Office of Vice Chancellor for Research 
133 Advanced Computation Building 
University of Illinois at Urbana-Champaign 
Urbana, IL 61801 


September 1978 


THE LIBRARY OF THE 


OCT o 1980 


UNIVERSITY OF ILLINOIS 
AT URBANA-CHAMPAIa 


Digitized by the Internet Archive 
in 2023 with funding from 
University of Illinois Urbana-Champaign Alternates 


https://archive.org/details/energylaborintenOOhann 


ABSTRACT 


Total (direct and indirect) energy and labor intensities have 
been projected to the year 2000 for a 40-sector economy. Energy 
intensities were derived by modifying the CONAES results with four 
possible energy price change scenarios between 1975 and 2010. Labor 
intensities were projects using data from the CAC model and projected 
BLS matrices to approximate the effect of a doubling of energy 
prices between 1975 and 2010. As an illustrative example, the projected 
data were used to determine the net energy and employment impacts of 


the National Energy Plan on residential energy use to the year 2000. 


7 


ri rs 


| | POART RRA ee 
7 ee Tle 


° 


as 


sve anid ce} voted bor ygreda ftoatibal ian Joostb) teser 
S 
Ti yrrnoso To796e-06 & rw? yoot ThYY ont a7 betsvierg aoe 


s . 
? ' r etloeor SIAL (4 nivithbon vd boviteb UTS" rottien » 


6 
wa 
« 10S bow 270t nmonzedt eotineeoe Sgnmdy oxnty quzonD SIuleMme 
“bi bmn leabom ") ol? mot? grab gates sostoT4 s10W soltiens 
siilduel € 26 I9etts SAY Stamizcdage Of 209!) 92am a 


sy att ,slomsao ovisetreulli me 24.0108 be C30) neenisd seanume 
es 


tn etosOmi Toorvolawe bre vets fom ot saniwrerah oF bern sTee by 


7 
— 
- 
_ 
7 
~ 
» 
i 
~ 


maid ve rth leno aed ol?! 


om 


TABLE OF CONTENTS 


INTRODUCTION . 
Pie HeeMOEL: 
lol iEnergy Cost of Goods and Services 
ls2. he Technology Specification 
1.3. Identification of Important Technological Coefficients 
1.4 Four Scenarios 
2.0 PRODUCTION TECHNOLOGIES . 
2.1 Energy Production and Processing Sectors 
2.2 Industrial —~ Direct Energy Use 
2.3 Industrial: Non Energy Inputs. 
pos arood 
Jao ec AUCOLMaAnULacturineg. 
2.3.3 Consumer Goods. 
2.9.4 Intermediate goods’. 
2.9.9 Transportation 
3.0 PROJECTED ENERGY INTENSITIES. 
4.0 PROJECTED LABOR INTENSITIES 
5.0 APPLICATION OF THE ENERGY AND LABOR INTENSITIES . 


6.0 REFERENCES 


APPENDIX A 
Matrix Pan? Multiplicative Factors Matrix Under Scenario A 
Matrix Pap: Multiplicative Factors Matrix Under Scenario B 
Matrix Fac: Multiplicative Factors Matrix Under Scenario C 


Matrix Fp: Multiplicative Factors Matrix Under Scenario D 


Page 


105 


y y= 2 Se _— 


i 
' . i > & _ ; 
ij >o!- supivied’. bas shoot 2e: Jecd cared (f.7 
7s 
mona’ tisecé YyalontasT eft Ls 9 - 
| oe 
¢ a8 iesigolondoel tHelqogm? Ym no@tzeatpignebl) Ti 
a I oP or zolsaneue? qual Bif), 
i = 6 7 
28 teO(OviIN4? “OTToUCaHY 
- r¢ pe ¢ 7 ' q yx" bets no] ; itn i! oe i tat 
! a 
64!) vusen! tootit -~ lereteuhal 4. 
rr HICH 4 oO! rt roy | laitiruhnl £4. 
a 
boot [-£ . a 
aintounem ote Lies8 
- | . _ spot) Te RG? €.hea 
~-8@b0O79 Ii bearezal b. 2.4 
if 


rolitanyycenAaT) 2.€.$ 


iy — - +» -BaITIAVITH Yea GTI Oe 


_ 
ti | sk) pe NS le , @317(2ASTME SOMA! GaTaaoRy fy 
oO, yo. TicHdTYT MOGAL GHA FORTS IIT YO MDITADIIGGA Ba 

.. = nas a. ° » y +e w #6 é MAMATAR *®, 


‘ ee wis 
G a P s wok , o. 4a’ 4 e - © © @ @! Woe ad ‘ ° é . * Ae —? 


'y A ortnites? wb 


- 


U xitieM avejast ovisnod flail 1) 4 «ivait 
AN” 
: : 


q ofianeoe tobmM) 29770 eIoIoL4 oviseniiqi piu “gat ee 
1A 


im 
Q | oftaneve tobe) xi1teM eraroed evitastiqisicNn 7.4 > 
- ) qiziem av a 


—_— 


. 
“Ol G eiigsrest xsbal) nivteM ascased evitaoiigi7Tlu +. 


a 


TABLE OF CONTENTS (continued) 


APPENUI:.. «Ba, 
Matrix Aen! Projected A Matrix for 2010 Under 
Matrix App! Projected A Matrix for 2010 Under 
Matrix Nac! Projected A Matrix for 2010 Under 
Matrix Ney! Projected A Matrix for 2010 Under 


APPENDIX %) =. 1967 A Matrix . 


a 


Scenario 


Scenario 


Scenario 


Scenario 


Ue 


FA 


i 


oie 


Sbe 


aa 


3e. 


he 


Se. 


ie 


Si. 


on 


Oke 


ols 


3m. 


Olre 


3p. 


Energy Balance for a Typical Sector. 


Units of Measure for Input-Output Coefficients 


Projected 
VeCuor o1: 


Projected 
Speccor i... 


Projected 
Sector 6G, 


Projected 
SECLOL 7. 


Projected 
Sector 9 


Projected 
Sector 21 


Projected 
SECtOrM 22 


Projected 
DEGLOe 25 


Projected 
Sector 24 


Projected 
Bee COmins 


Projected 


LIST OF FIGURES 


Labor Intensities for the 40 Sector Economy, 


Labor 


Labor 


Labor 


Labor 


Labor 


Labor 


Labor 


Labor 


Labor 


Labor 


Sector 70 4 


Projected 
Sector 27 


Projected 
sector 25 


Projected 
sector. 29 


Projected 
Sector 30 


Projected 
Sector 31 


Labor 


Labor 


Labor 


Labor 


Labor 


Intensities 


Intensities 


Intensities 


Intensities 


Intensities 


Intensities 


Intensities 


Intensities 


Intensities 


Intensities 


Intensities 


Intensities 


Intensities 


Intensities 


Intensities 


ror 


ror 


for 


for 


for 


for 


for 


LOT 


for 


for 


for 


for 


for 


for 


LOT 


the 


the 


the 


the 


the 


the 


the 


the 


the 


the 


the 


the 


the 


the 


the 


1B: Ba 


40 


40 


40 


40 


40 


40 


40 


40 


40 


40 


40 


40 


40 


40 


40 


Sector 


Sector 


Sector 


Sector 


Sector 


Sector 


Sector 


Sector 


Sector 


Sector 


Sector 


Sector 


Sector 


Sector 


Sector 


Economy, 


Economy , 


Economy , 


Economy, 


Economy , 


Economy , 


Economy , 


Economy , 


Economy , 


Economy , 


Economy , 


Economy , 


Economy , 


Economy , 


Economy , 


1980-2010 


1980-2010 


1980-2010 


1980-2010 


1980-2010 


1980-2010 


1980-2010 


1980-2010 


1980-2010 


1980-2010 


1980-2010 


1980-2010 


1980-2010 


1980-2010 


1980-2010 


1980-2010 


Page 


oo 


34 


ihe 


36 


57 


38 


oo 


40 


43 


44 


AS 


46 


47 


Figure 


ia 


S57, 


at 


oti: 


OV. 


3w. 


Ce 


Sy. 


Sy Ses 


Projected 
Sector 32 


Projected 
Sel LOT 32 


Projected 
Sector 34 


Provected 
SeCtLor 45 


Pro,ected 
Sector 36 


Projected 


Sector 37. 


Projected 
SECtOr 56 


Projected 
Sector 359 


Projected 
Sector 40 


Projected 


Average Personal Consumption 


Labor 


Labor 


Labor 


Labor 


Labor 


Labor 


Labor 


Labor 


Labor 


LIST OF FIGURES (continued) 


Intensities 


Intensities 


Intensities 


Intensities 


Intensities 


Intensities 


Intensities 


Intensities 


Intensities 


for 


for 


for 


for 


for 


£Or. 


LaADOTe InvensiLies ror 


the 


the 


the 


the 


the 


the 


the 


the 


the 


the 


iv 


40 


40 


40 


40 


40 


40 


40 


40 


40 


40 


Sector 


Sector 


Sector 


Sector 


Sector 


Sector 


Sector 


Sector 


Sector 


Sector 


Economy , 


Economy , 


Economy , 


Economy , 


Economy , 


Economy , 


Economy , 


Economy , 


Economy , 


Economy , 


1980-2010 


1980-2010 


1980-2010 


1980-2010 


1980-2010 


1980-2010 


1980-2010 


1980-2010 


1980-2010 


1980-2010 


49 


5] 


Fe) 


54 


he 


56 


af 


Table 


5a% 


3b. 


SC. 


3d. 


Sb. 


Sc. 


Sd. 


IC. 


Sector Definitions 


LIST OF TABLES 


Fractional Changes in Industrial Use of Feedstocks For 


the Year 2010 (1967 


Fractional Changes 
for the Year 2010, 


Fractional Changes 
for the year 2010, 


Fractional Changes 
for the. year, 2010, 


Fractional Changes 
for the Year 2010, 


Energy Intensities 
Energy Intensities 
Energy Intensities 
Energy Intensities 


Projected Energy In 
Scenario A. 


Projected Energy In 
Scenario B. 


Projected Energy in 
pcelar. ou. cea 


Projected Energy) in 
Scenario D. ey 


Projected Labor Int 


= 1.00). 


in Direct Energy Use Per Unit Production 


Scenario A. 


in Direct Energy Use Per Unit Production 


Scenario B. 


in Direct Energy Use per Unit Production 


Scenario G, 


in Direct Energy Use Per Unit Production 


Scenario D. 

for 2010 Under Scenario A . 
for 2010 under Scenario B 
for 2010 under Scenario C 
for 2010 under Scenario D . 


tensities in Five Year Intervals 


tensities in Five Year Intervals 


tensities in Five Year Intervals 


tensities in Five Year Intervals 


ensities for 40 Sector Economy 1980-2010 


(Corresponding approximately to Scenario B) 


under 


under 


under 


~ 


under 


Projected Personal Consumption Expenditures and Labor 


Intensities - 2010. 


] 


Dollar Deflators (=== 


] 


The Total Energy Effect 


Residential Energy 


The Total Energy Effect 


Residential Energy 


The Total Energy Ef 


Residential Energy 


967 
O75 


for Energy Intensities of Table 4 


of the National Energy Plan on 


Use, 1980: Energy Price Scenario B. 


of the National Energy Plan on 


Use, l9so2 Energy Price Scenario B. 


fect of the National Energy Plan on 
Use, 1990: Fuel Price Scenario B. 


Vv 


14 


15 


28 


62 


64 


e” 


vyTonad Joortd al eo_hadd Teneksoest 


: 
witionedsd Aol tdmenod lamozrs4 boioatert 


ne nets et [arotsa4 ad? Yo toot worth 2900 


ozigt be al 


no reli ypren 1énob tek ona \o if ats - 
- fl sack is ou!44 Lops oe _— 


— 7 


iniasevbeat al eagnedtd 
. «(00,0 = Feely On 


und JoerTid nl zognadd -fanegs 
-* olvyanese® ,O10S aBaY nr" 

; 7 - 
ead goorld ai azognsd) leacrsaay 
-4 gitaeneot ,0100 1eoy eft Fy 
al 


3 oltemese ,G10Ot yes~ oft 26 


| 96710 pi 26en8R) teadfiuest Ce 


| olquaeo® ,Of05 ae0Y of? Fad 
bl ONS “Hd zorsieneeat Te ia 
sb (10S got aeitienetal epiond 
ino OOS rot enor tiswesal ceroa : 

i O1OD wo? zvelticaniel eens 


2ortisnotalyyprend bedgeport 
. é ‘ > « A ey a ange 


ni 2atitanegal greed betoaio1% 
_-. « i Jf Oban” 


ni 2alilenetol vyton? hersetory 
° i q - ° ? ban olrene34 


ni eshtienetel ygrond bossaieont 
. o ball . « ’ « * ft) 2 6 THRITO VA 


161 4uitizgasini sodel lutsetortt 
; OF Wi TOM Ce ODE atiladogrorzoo) 
_ 


- » « PDS — 29 Pp een 


cag! v 
yqtend yot feye;) eroral tel vel oe 
1s 


ef2 20 290937 yovend ingor- 


4 


O80! ,wely babe Luttrtbs 


aN 


, 


ober el, area 


> he See 


r 


= 


ay v 


’ 
S 


Table 


9d. 


9¢€. 


She 


10a. 


10b. 


Loc. 


10d. 


10e. 


1t 


LIST OF TABLES (continued) 


The Total Energy Effect of the National Energy Plan on 
Residential Energy Use, 1995: Fuel Price Scenario B . 


The Total Energy Effect of the National Energy Plan on 
Residential Energy Use, 2000: Fuel Price Scenario B . 


Summary of the Net Energy Savings Due to the Effect of 
the National Energy Plan on Residential Energy Use . 


The Total Job Effect of the National Energy Plan on 
Residential Energy Use, 1980 . tee ke ie a 


Tre. Total Job Effect. of the National Energy Plan on 
Residential Energy Use, 1985 a 


Tne, Totaly Job Effect of the .Nataonal Energy Plan on 
Residential Energy Use, 1990 eh ee es 


The Total Job Effect of the National Energy Plan on 
Residential Energy Use, 1995. 8 EC Veet eae ees 


The Total Job Effect of the National Energy Plan on 
Residential Energy Use, 2000. 


Summary of the Total Labor Impact of the National Energy 
Plan on Residential Energy Use . eds ay ee aes ae 


vi 


pFAge: © 


66 


67 


68 


69 


v1 


ro: 


ap 


74 


P 
md 
(seumisaoa) an. 


, i; ‘ 7 
~~ v — 
sor ce 

i : o! i - 
: ae 
mo nel yerodd [enotish ond Yo r90tt8 ‘ial Lae 
bo . . 4 vitae? enitt fe = Feb; Tada yotons [eidaobi 
—_ — 


no meld yearend ladoited sat to 200¥98 yearend “fags? oT i 
) . « © OtTeNS2e sales Foud 20008 ,oall vetond? feigasbiead 


aE | 


$0 3992243 983 ©7 5u0 egnived “niend iY od? Jo Vtemme 
‘ 2U ygiend (sitmebiaedl no aal® ygrent fanoisen ode 
- 


fo mi) yqread laeoizeht ons Qo youre dat legot 
+ fetal as . O8CT ,o2) ynrend lntamebtesh — 


» melt ypvond Lernoigey sds Jo 309974 dot {a20T afT 
, » ow ote -« » S80) , oe) Yptant daetmabiesd — 
| va: 
Ae AOI Yotot lanoitet ett Jo. toe080e dof. latey war 
> Sale ; ; lel oe “yrond fetsnebiesh | 
No unl") yguend feeorjes one Yo 799939 dol, [eget eth 
: ha cel , se nevend letiqobissl. 


19 NENT YQaens Lenortev ody Yo JoeTla dol Jason ear 
, INO” oe voven lelseebiesd 
4 
i 
ft sf a2 TO J96qm!l rode) luteT a49 46 Vise | 
P aaa »- ©h! vetend lavinebi2oA fhe “ert. 


INTRODUCTION 

This report documents the model, assumptions, and data used in 
generating a set of energy intensities to the year 2010. The 
assumptions and data used for producing the energy intensities draw 
to some extent from OUTLOOK FOR ENERGY DEMAND AND CONSERVATION, the 
report of the CONAES Panel on Demand and Conservation. 

When using the projected energy intensities, several things should 
be kept in mind. First, the intensities presented are those which would 
exist in a possible future state of the economy. Four possible future 
states of the economy are considered, with a resulting set of intensities 
for each. Although four scenarios are considered, no claim is made that 
any one of these will be the actual condition of the economy in the 
year 2010. Second, as the projection horizon increases, the accuracy 
of the more distant projections tends to decrease. And, third, some 
of the technological changes specified in a future state of the economy 


are based on judgmental decisions by industry experts. 


1.0 THE MODEL | 

Energy production and consumption in the economic system is described 
by a 20-sector linear structural model. The system is subdivided into 
40 sectors, listed in Table 1. The first 12 sectors are engaged in 
energy resource extraction, processing and conversion. Tre snext)$ are 
ficticious "énerpy service" "sectors representing #the end uses or purposes 
for which fuels and electricity are used. The last 20 sectors are those 


which consume energy services to produce non-energy goods and services. 
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The model represents the production technologies for each of these 
sectors in terms of 40 coefficients; together they comprise a 40 x 40 
matrix of input-output coefficients. A typical element ae represents 
the amount of input from sector i needed directly by sector j to produce 
one unit of output. This matrix defines the technology of producing 
goods and services. It alone 1s sufficient to define the energy antennae, 
of téach sector's ‘outputs > asedescribed Gn. the next supseceion. When 
these energy intensities are multiplied by the total quantity of goods and 
services supplied to consumers, investors, and government, we will obtain 


the total energy demand for the system. 


1.1 Energy Cost of Goods and Services 

Consider a typical sector j producing a total output e If we denote 
the energy intensity of that sector's output by ac Btu/unit output, then 
the total energy embodied in that output is Eos 2 Since the technology 
of sector j's production process is characterized by the Ge column of 
the matrix A, we can construct the energy balance diagram shown in fig. 1. 
The diagram states simply that the energy embodied in the inputs from 
Gach’ Sector i> { Sere gte plus the energy extracted from the earth 
(E. # 0 if j is primary energy sector), equals the energy embodied in 


more detail by Bullard and Herendeen (1975), results in the following 


energy balance equation in matrix notation: 


eA Eek Oy) 
where X is a diagonalized matrix of sector outputs. 
Solving for the energy intensities we obtain 
e+ e(L-A)™ (1-2) 
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Figure 1, 


Energy Balance for a Typical Sector 


where e is a unit vector that defines the energy sector row of Of-Ayes 
as the energy cost of goods and services.* 

The above analysis can be repeated for each of the primary energy sectors ( 
resulting in a matrix e€ whose elements can be summed columnwise to define 
a "total primary" energy'inténsity forveach sector*s/output. (Primary selec gee 
intensities such as hydro and nuclear are converted to fossil fuel equiva- 


lents consistent with the Bureau of Mines convention. 


1.2 The Technology Specification 

The U.S. Department of Commerce assembles data for models such as 
this one at irregular intervals, the) latest being for 196/,;=* For energy 
analysis, this data has been assembled together with specific data on 
new energy technologies by Bullard and Sebald (1975 a,b) in a way that 
highlights the end uses of energy as defined by the ficticious "energy service" 
sectors® (15-20Fin?taple tl) Among the reasons for supplementing the Commerce 
Department data are: 

1) to express energy use in physical, rather than monetary units 

to account for the fact that energy is sold to different 


usensfat :differéentyprices. 


2) to express industrial energy requirements in terms of functional 
end uses so technological changes can be specified explicitly. 


The result is a 40 x 40 matrix whose elements are expressed in the units 
shown in fig. 2. Nonenergy sector outputs are expressed in terms of 
constant (1967) dollars because they are too aggregated to be characterized 


by a single physical unit of measure. 


* The unit vector is obtained as the product wee: because the output of 
an energy supply sector is defined as the amount extracted from the earth. 


** See U.S. Department of Commerce (1974) 
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Service 


Energy Supply 


Energy Service 


-NON- energy 


Figure 2. Units of Measure for Input-Output Coefficients 


Note that the ficticious energy service sectors are defined in such 
a way that several sections of the A matrix are zero. In this model, the 
energy supply sectors provide all their output to the energy service sectors 
witch sinsturn provide’ space heat, process heat, etc. to the producing 
sectors of the economy. This representation facilitates specifications of 
a technological change that is specific to a particular end use (c.g., building 
insulation would affect space heating and air conditioning demands). Also, 


fuel substitution changes are restricted to the 12 x 20 upper left submatrix. 


All elements in the 40 x 40 A matrix are subject to change between 
1967 and 2010 as production technologies change in each sector. Specifying 
all such changes is a formidable task. To focus efforts on the most important 
parameters, ''energy input fractions" were computed for each sector and 
rank-ordered. These fractions B represent the fraction of the total energy 
intensity of product j embodied in its direct inputs from sector i. It is 


easily seen from fig. 1 that the energy input fractions are given by 


= - Die (lace) 


These fractions were computed for the base year and were useful in identify- 

ing those aspects of a production technology most important with.,nespect 

to energy demand. For example, it shows that only 10% of the energy cost 

of a car is due to the fuels and electricity consumed by the auto maker, 

while over a third is due to the steel used. So for specifying auto production 

technologies in 2010 it is more important to accurately describe the size 

and weight of the car than the degree of mechanization of the assembly line. 
Section 2 describes which and by how much the most important elements 


of the A matrix will be changed. 


1.4 Four Scenarios 


Energy intensities were projected to the year 2010 under four scenarios 
corresponding roughly to real energy price levels (4, 2, 1, 0.5) times 
tne Se aciever. (The CONAES study presents the actual price levels in 
more detail.) For the remainder of this report the scenarios will be referred 
to as (A,.B,.C,.D), respectively: 

Section 2 describes the changes in production technologies by means 
of multiplicative factors to be applied to the important elements of the 
A matrix... There «is .a<different,setrof mubltiplicatrverfactors foreach, 


the four, scenarios: .In,Section:3, the; energy scoefficients ander *eqcio ome 


four scenarios are found. 


2.0 PRODUCTION TECHNOLOGIES 


The technology of producing any type of good or service is defined 
by specifying the inputs required directly to produce one unit of the 
product. The inputs are of two types, energy and non-energy goods and 


SCTV1ICES, Energy can be conserved by two types of technological change; 
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direct energy inputs can be reduced, or substitutions can be made among 
non-energy inputs to reduce the overall energy intensity of the product. 


Both types are described below for each producing sector of the economy. 


2.1 Energy Production and Processing Sectors 

These sectors (1-12 in Table 1) are engaged in the extraction, of 
primary energy resources and processing them into forms required by end- 
use devices (e.g. methane, gasoline, electricity). The technologies des- 
cribed in the model are derived from historical data for the base year 1967 
and updated to include new processes and technologies as described by Just 
(1974).* .. Of the technologies already in existence in the base year, only 
changes in petroleum extraction and refining processes could account for 
enough energy impact to warrant updating. The industry research group 
of the CONAES panel indicates that the direct energy efficiency of 
petroleum refining improved for each of the scenarios, while the energy 


required for extraction increased. 


* 
Detailed descriptions of the derivation of technological coefficients 
are given in Knecht and Bullard (1975). 
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2.2, industrial =4DirectvEner eye Use 

In all 40 sectors, the base year values for feedstock inputs are unchanged 
except in’two sectors: — construction” and‘ chemicalsy From the Industry 
Resource Group report we obtained the following factors to apply to the base 


year input levels from the ore reduction and petrochemical feedstock sectors. 


SCENARIO 


Zs) CONMSLTUCCION 


26 Chemicals 


Table 2. Fractional Changes in Industrial Use of Feedstocks 
For the Year 2010 (1967 = 1.00) 


For process heat energy, the base year inputs of coal, refined oil 
and natural gas are multiplied by the factors shown in Table 3 for all 
scenarios. These were obtained by detailed comparisons of fuel used per 
physical unit of output in the year 1967 and the 2010 projections. This 
represents a situation where industries minimize purchases of utility 
electricity, effectively maximizing coal-fired cogeneration. 

The energy savings due to cogeneration are not included in those 
figures, however; an overall adjustment is made to the industrial sector's 


total coal use after all calculations have been performed. * 


*See Report of the CONAES Panel on Demand § Conservation, Chapter VII. 


Table 3a. Fractional Changes in Direct Energy Use per Unit Production 


Bus the Year 2010, Scenario A (1967 = 1. 00) 
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Table 3b. Fractional Changes in Direct Energy Use per Unit Production 
for the Year 2010, Scenario B (1967 = 1.00) 
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Table 3c. Fractional Changes in Direct Energy Use per Unit Production 
for the Year 2010, Scenario C (1967 = 1.00) 


COAL OIL GAS BELECTRIGI TY 
Agriculture 1.00 2.92 8.29 
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Table 3d. Fractional Changes in Direct Energy Use per Unit Production 
for the Year 2010, Scenario D (1967 = 1.00) 
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Changes in the technology of transport vehicles engines affect energy 
requirements per vehicle-mile for all modes. The number of passenger-miles 
or ton-miles per vehicle-mile depends on load factor. Both types of changes 
combine multiplicatively to determine the change in motor fuel inputs per 
unit output. 

In the non-transportation sectors, most motor fuel use is for trucking. 
The relative efficiency factors for trucks determined by the Transportation 
Resource Group were (.683, .728, .799, .837) for vehicle energy intensities, 
and (.833, .938, 1.071, 1.250) for load factor changes. The net effects are 
therefore (.569, .683, .834, .1046) for motive power used in non-transportation 
sectors and in the trucking sector. 

For bus transportation, we assume the same vehicle efficiency changes 
as for trucks, and the following changes due to load factor improvements 
(oO. 0078.45, 1500) ateatTheunet «change factors are.therefore(.342,..437, 
Hod, beso). 

For rail transport, braking system improvements are assumed to yield 
40% energy savings directly. No freight load factor changes are assumed 
and passenger transit is ignored in all scenarios. 

For air transport, the vehicle energy intensity factors are (.661, .694, 
Picea, (00 eand LicwetLects due tO JoadstuCloreare |. (4 lo co2Us cory 
Lea? wetoYr altotal change. Ot (2490, 009, .005,. .cUU}. 

For water transport, the same vehicle efficiency changes are assumed 
as for trucks and buses, and load factors remain unchanged. 

*Friedland (1976) supplied information for extending the Transportation 


Resource Group results to buses and barges, and for interpolating 
between the TRG high and low scenarios. 
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2. SUE Nnaust rau: Non-Energy Inputs 


Changes in energy prices will be reflected through the energy intensities 
of all inputs to production processes. The following changes were assumed 
for each of the sectors under the four scenarios. 

2.3.1 Food. Nonenergy inputs to the food processing industry accounted 
for 31% of the energy cost of food in the base year. The largest items were 
packaging materials (over 15%). For Scenario A the base year amounts of 
all types of packaging inputs were reduced by 25% (paper, plastic, glass, 
and cans*) and half of the plastic was replaced by paper. For Scenario D, 
inputs of plastic increased 50% while all other packaging inputs were 
increased 10%; this reflects an overall increase in food packaging under 
conditions of lower energy prices. Other scenarios are characterized by 
linear interpolation of nonenergy input coefficients. 

2.3.2 Auto manufacturing. The largest nonenergy inputs to this sector 
were, not surprisingly, in the form of steel and other manufactured goods. 
In fact, nonenergy inputs account for 90% of the total energy cost of a 
car. To reflect the fact that cars may be lighter (fiberglass and 
aluminum substituted for steel) and smaller overall in Scenario A, the 
following changes were made. At the expense of steel, inputs of chemical 
products and nonferrous metals were doubled, while all other nonenergy 
inputs were scaled down 20%. For Scenario D the base year mix was retained 
but all inputs were scaled up 10% to reflect an increase in the average 


weight of automobiles. 


*Virtually all inputs of "intermediate goods" are metal containers. 
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2.3.3 Consumer goods. The output of this sector makes up the majority 
of durable and nondurable goods consumed by individuals. It includes 
clothing, furniture, appliances, etc. To assess possible changes in produc- 
tion technology in this sector, the following exercise was performed. 
Consider the average household and imagine a tabulation of all materials 
purchased by the occupants during a year. The exact types of goods (e.g., 
picture frames, lamps, etc.) are not important. Imagine that all items were 
disassembled and the parts sorted into five piles: paper (including packaging), 
plastic and synthetic fabrics, metal, wood, and natural fibers (cotton and 
wool). If energy prices change dramatically, the relative sizes of these 
piles might also be expected to change because the producers of consumer 
goods would have substituted among these materials in their production 
processes. For example, a substantial rise in energy prices would result 
in more wood and less metal, since metal is much more energy intensive and 
would become more expensive and less competitive with wood. Similarly, 
wool suits might become less expensive than polyester and capture a larger 


share of the market. Moreover, the amount of packaging may be reduced as 


salespersons, not energy-intensive plastic bubble-paks, do more of the 
selling. 

The factors by which base year input coefficients were multiplied for 
each of the scenarios are summarized below. They reflect the following 
assumptions on changes from the base-year mix of inputs. 

Scenario A: Inputs of paper, plastics and chemical products, and 


metals were reduced 20%, while agricultural inputs 
(cotton and wood) were increased 20% 


Scenario B,C: Linear interpolation between A and D (i.e., the 

percentage input reductions were plotted against 
price for the A and D scenarios. The B and C 
scenarios were assumed to lie on a stratight line 
between A and JD). 

Scenario D: Inputs of paper, plastics, chemical products and 
paper were increased 10% while agricultural inputs 
were decreased 10%. 

2.3.4 Intermediate goods. This sector includes mostly goods purchased 
by industries rather than consumers. But since some of those goods end up in 
consumer goods, a few adjustments are in order here. Inputs of wood and cotton 
(agricultural products) were doubled for Scenario A over the base year value 
to reflect substitution of less energy-intensive inputs to production of 
clothing and furniture. These would probably substitute directly for 
plastics, but plastics in turn would substitute for heavier metals in some 
energy-consuming machinery. Therefore, agricultural inputs were increased 
at the expense of primary metal inputs. For Scenario D, agricultural inputs 
were reduced 50% and metals were increased on a dollar-for-dollar basis. 

2.3.5 Transportation. For the rail, air, bus and truck transportation 
sectors we make the assumption that all nonenergy inputs are proportional to 


vehicle-miles travelled, rather than passenger-miles or ton-miles. Therefore 


all inputs are scaled by the load factor effects given in Section 2.2. 


3.0 PROJECTED ENERGY INTENSITIES 
The technological changes discussed in Section 2 are multiplicative 
factors which must be applied to the 1967 A matrix. These factors are 


represented by the matrix F Since there are four scenarios, representing 


AY 
four different sets of technological changes, there are four FA matrices 


CF y E F 


aa? “AB? “AC? AD) * (See Appendix A.) 
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To produce a new A matrix (A,,,Ap,,A 


EAP AER? EC?AFDp) which reflects a particular 


set of technological changes, the aij element of the 1967 A matrix is 
multiplied by the Sra element of the multiplicative factor matrix. 


ciyrat Lees Sen 
1J ij 


(The results of these multiplications are in Appendix B.) 


Once this set of new A matrices (A,,,A,,,A 


FA? ‘ER? Arp) has been found 


EG 
equation 1-2 is applied to them one at a time. The result is a set of four 
energy intensity vectors for the year 2010 (Table 4). The energy intensities 
for the period from 1967 to 2010 were interpolated from the 1967 energy 
intensities and the projected 2010 energy intensities. We are currently 
proposing to the U.S. Energy Information Administration to enable us to 
calculate the detailed 1972 energy intensities. Energy intensities under the 
four scenarios are given for five year intervals in Table 5. The intensities 
for sectors 1-20 are in units of B.T.U. per B.T.U. The intensities for 
sectors 20-40 are in units of million B.T.U.'s per 1967 dollar. 

The energy intensity for personal consumption expenditures was found 
by first taking a vector of the projected personal consumption expenditures 
in the year 2010 under each scenario and with a 1967 PCE vector extrapolating 
with respect to time to obtain PCE vectors for the intervening years. 
For each of these vectors, the appropriate year's energy intensities 
were applied. The results of these multiplications were then added to 
get a total for the energy consumed due to PCE for a particular year. This 


calculation may be expressed as follows: 


where e. is the energy intensity for the ie sector in the year Y, 
Y 


Za 


Note, for the preceding calculation the energy sectors (1-20) of PCE are 
Specified in Btu's: At this point appropriate price factors had to be 
applied to the sectors of PCE so, as to get them in Units or dollar, 


The PCE vector was then summed to produce PCE Co get the energy 


TOT) 
intensity of .PCE, ESOT is divided by PCE, or 
Y bs 
E 
: TOT, 
PCE, ators 


As mentioned earlier, this set of calculations was performed, for each wear 


under each scenario. 
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Energy Intensities for 2010 Under Scenario A 
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Energy Intensities for 2010 Under Scenario B 


Table 4b 
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Energy Intensities for 2010 Under Scenario C 


Table 4c. 
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Energy Intensities for 2010 Under Scenario D 
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Projected Energy Intensities in Five Year Intervals under Scenario A. 
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Projected Energy Intensities in Five Year Intervals under Scenario B. 
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Projected Energy Intensities in Five Year Intervals under Scenario C. 
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Projected Energy Intensities in Five Year Intervals under Scenario D. 
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4.0 PROJECTED LABOR INTENSITIES 

Future labor intensities were derived in a different manner than the 
energy intensities, mainly because of a lack of a set of 2010 projected 
direct labor intensities and because the 2010 projected I/O matrix was 
aggregated especially for the derivation of energy demand, 

To project the required 40 sector labor intensities we first 
aggregated the Illinois I/O model labor intensities sector (1963, 1970) 
to 40 sectors. We also reduced the BLS projected 1980 and 1985 labor 
intensities to 40 sectors (BLS 1975). 

These intensities were plotted in Figures 3a through 3z using the 
symbol '"'X'"'. The intensities were in most cases fit with a monotonically 
declining curve representing diminishing returns to labor brought on by 
rising energy prices. A second constraint was that the curve be essentially 
fusteoy tne year 2010. We felt that this approach, though somewhat arbitrary 
was no more arbitrary than projecting elasticities of demand over the next 
20 years. We feel that the effects of amproved technology in labor use will 
be approximately equalled by the tendency to use more labor in industry and 
commerce due to rising relative energy prices. Weereel. thas, procedure 
approximates energy price scenario B, a doubling of the 1974 energy prices 
by 2010. Certainly this empirical approach is warranted by the constraint 
Cramne, CONCracCbasize. 

The various curves in Figures 3a through 3z give the data for every 


five years shown in Table 6, which is necessary for the example application. 
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Table 6. Projected Labor Intensities for 40 Sector Economy 1980-2010 


(Corresponding approximately to Scenario B) 
1967 Producers' Dollar 


Labor Intensity: Jobs per 10° 
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Sector 19701975 198019851990 1995 20002005 
] 7155 0.690 O72 ay on 4 0.605 0.590 0.590 0.590 
A 1557 Mig ete, ous) 350 OeS05 0.365 03.502 07965 
6 414 0.380 oe 900 0.360 0.360 0.360 0.360 
7 ~413 0.360 ais 273 250 229 FAS | 210 
_ 401 0.398 394 390 0.390 0.390 0.390 0.390 

Z1 al ees 1,000 896 .748 0.700 OFGs O,OLy 0.583 
22 15950 0.483 420 oe 0.300 OF 292 0.292 Meal 
Zo 865 0.842 .788 ae | 0.667 U.0s3 0.617 0.617 
24 .865 eRe .640 .568 0.500 oO) 0.500 0.500 
25 af 9F 0.700 618 949 0.500 0.467 0.442 0.442 
26 097 0.500 445 . 502 O.300 0.467 0.450 0.467 
Fe WEE 0.667 .600 20 0.467 0.417 0.383" (0.ao7 
28 . 780 0.700 pets) moO PK 0.500 0.483 0.467 
29 .510 0.492 502 435 0.492 0.492 0.492 0.492 
30 536 0.467 381 ae O.292 0.292 0.292 O. 292 
at WB AS 0.700 594 .508 0.450 0.408 0.408 0.408 
32 4272 Ue 325 510 428 Mea f 0.650 0.717 ets: 
53 1976 0.947 . 886 741 0.632 0.684 0.5359 0 osao 
34 5905 0.816 750 67 1 0.605 UL535 ee D O46 
Bo 649 Ora55 436 +392 Oa 0.368 0.368 0.368 
36 oOo) 0.579 444 <a05 ORR IS 0,329 0.329 Ovose 
37 802 (5 %57 634 960 0.526 0.493 0.480 0.480 
38 898 0.829 754 .680 0.625 Oh o06" “Us55o . 10.535 
39 OT 7 0.836 492 .431 0.421 0.395 SRT 05395 
40 O70 ehLo 694 6050, 05559 “eu U0 ees ne 0.461 
Avg. PCE oo 0.813 rake, 625 0.563 0.516 0,500 0.500 
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Table 7. Projected Personal Consumption Expenditures 
and Labor Intensities - 2010 


Projected PCE Projected Labor Intensity 
(101? 1967$) (Jobs/10° Oe te ree 

0.0 0.590 
0.0 0.365 
0.0 - 

0.0 - 

0.0 - 

0.02300 0.360 
0.01300 0.210 
0.0 - 

0.04900 0.390 
0.09501 0.583 
0.00015 0.292 
0.0 0.617 
0.94169 0.500 
0.12391 0.442 
0.22059 0.467 
0.00980 0.367 
0.00755 0.467 
0.00011 0.492 
0.00045 0.292 
0.34465 0.408 
0.04827 0.758 
0.05839 0.539 
0.06422 04513 
0.01098 0.368 
0.07286 0.329 
Zee ieud 0.480 
4.88365 02953 
0.42947 0.395 
0.87876 _ hee Ue8 Ol 
Average PCE 0.499 
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In Figure 3z we have plotted the average labor intensity of 
personal consumption expenditures (PCE). We used data from the Illinois 
model, the BLS model, and the 2010 values from Figures 3a through 3y. 
These later data were combined with the PCE sector derived in the CONAES 
study (Scenario B) and are shown in Table 7. The data from Figure 3z 


is also included in Table 6. 


S.0 APPLICATION OF THE ENERGY AND LABOR INTENSITIES 

To illustrate the application of these data we use the information 
generated by Hirst [1977] on his simulations of residential energy use, 

In his simulations, the direct quantity of energy used by fuel type, the 
dollar cost of this energy, the dollar cost appliance purchases and the 
dollar cost of home improvement construction for thermal improvements are 
calculated for the years 1970-2000, for the U.S. economy, with and without 
the National Energy Plans. 

We have used this information to calculate the net total primary energy 
Savings (mine mouth, well head, etc.), for every S years from 1975 to 2000. 
Our basic assumption is that the Gross National Product is not changed by 
the energy savings programs. The calculations for the direct energy saved 
include the indirect energy needed to supply that direct energy. Hirst's 
data included an estimate of the indirect energy cost of electricity and 
therefore we had to correct for the changing differences in total energy 
efficiency of electricity production, 

We also calculated the total primary energy associated with the more 
expensive purchase of appliances (sector 40). To illustrate the need 


to account for the energy used to actually get these appliances from 
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the producer to the consumer, we removed 30 percent of the appliance 

purchase dollars to the trade sector (sector 37). [Bullard, Penner, Pilati, 
1976] The energy cost of the construction improvements was obtained by 
multiplying that cost by the direct and indirect energy intensity of the 
construction sector (Table 5, sector 24). The difference between the annual 
dollars saved by reduced energy use and the annual dollars spent on increased 
thermal improvements and more efficient appliances is assumed to be spent 

on average personal consumption. Only in 1980 were the energy savings 

dollars exceeded by the annual investment costs. In this year, the difference 
was assumed to come from average personal consumption and consequently 
represents a further reduction in energy use. The energy intensity of average 
personal consumption is given in the last line in Table 5. 

A set of sectoral price deflators were needed to correct for the 
difference in the base year for the Hirst data (1975) and the data of 
Table 5 (1967). A list of these deflators is given in Table 8. 

As suggested by Eric Hirst, we chose Scenario B which represents 
a two fold increase in real energy prices between 1975 and 2010. The 
results are given in Table 9a through 9e, with the net energy effect 
summarized in Table 9f. 

The determination of the labor impact of the Hirst-NEP program is very 
Similar to that used for the energy impact. The labor impact calculations 
are given in Tables 10a through 10e and summarized in 10f. The first 
step is to determine the net dollars saved by reduced energy purchases 
and to convert these results to 1967 dollars with the deflators given 
in Table 8. These results are then multiplied by the projected labor 


intensities given in Table 6, to determine the jobs lost (directly and 
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Table 


rot 


1967 
ol pads 


Dollar Deflators ( 


40-Order Sectors 


40 


Average PCE 


Source: 


Bureau of Labor Statistics. 
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Table 9f. Summary of the Net Energy Savings Due to the 
Effect of the National Energy Plan on Residential 


Energy Use. 
PERIOD NET ENERGY SAVINGS, QUADS 
1970-1975 0 
1980 Lio 
1985 2.0 
1990 5.0) 
1995 ae 
2000 4.1 
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Table 10f. Summary of the Total Labor Impact of the 
National Energy Plan on Residential 
Energy Use. (+ Means increase) 


Period Net Labor Impact, Jobs 
1970-75 0 

1980 +025 OU 

1985 #- 91,700 

1990 + 114,200 

1995 +4 133,500 

2000 + 162,500 
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indirectly) due to reduced energy purchases. A similar procedure is used 
to determine the new jobs created by new energy saving equipment purchases 
and by thermal improvement construction. The dollars saved from reduced 
energy purchases do not equal the dollars spent on energy saving equipment 
and construction. We assume that this dollar difference will either 

come from or be spent on average personal consumption. To determine the 
labor impact of spending of the dollar difference we first convert the 
Saving or expenditure from its 1975 dollar base back to the 1967 dollar 
base using a deflator appropriate to the origin of the dollars. We multiply 
the net dollar value by the labor intensity for average personal consump- 
tion (bottom line, Table 6 and Figure 8). This calculation yields the job 
demand of the net dollar savings. Of the years which we examined, only in 
1980 did the purchase of energy saving equipment and thermal improvement 
construction exceed the dollar savings from reduced energy consumption. In 
this year, overall dollar balance was achieved by reducing average personal 
consumption by that amount. Thus the 1980 spending pattern produces a 
reduction in employment (and energy use) from the net respending effect. 

In all other years studied, dollars were saved and resulted in increased 
average personal consumption and therefore increased employment (and 
energy use). The total labor impact of the program, however, was always 
positive as can be seen in Table 10f. 

An examination of the wage structure (BLS Handbook 1974) indicates 
that during the peak of the construction period, the average U.S. wage 
would probably rise since construction workers are the highest waged of 
all workers. Since energy production labor is the next most highly waged 


labor, the average U.S. wage would probably decline after the construction 
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period. This would probably occur since average waged workers displace the 
much higher waged energy production workers. During the construction 
period, the location of the work sites are probably more dispersed when (@ 
compared with 1975 job site dispersion. We cannot say what happens to job 
site density after the construction period. 

One of the principle criticisms of the analysis used in this report 
is that it is based on average energy and job intensities when in cases of 
actual substitution of construction and respending for energy purchases we 
should use marginal energy and labor intensities. This criticism although 
not very justified in energy analysis primarily because energy is more 
nearly a true flow variable, is quite deserved in labor impact analysis, 
especially in analyzing short term effects. For example, when energy 
purchases are reduced, does total energy production and labor use reduce 
proportionately? To the extent that energy producers can find alternative 
users of their products, overall energy use will not be reduced. This is true 
because the residential portion of the NEP is mandated and is not caused 
by a general reaction to higher energy prices, Since the residences which 
are reacting to the NEP are not completely eliminating fossil energy use 
their demand for meter readers, billing clerks, office management personnel, 
etc., will not change. The same number of these occupations per 100,000 
homes will still be required. The occupations which are negatively impacted 
are power plant, refinery and gas pumping station personnel, for example. 
But our labor intensities include all of the above occupations. However, in 
the long run, in order to avoid unnecessary price increases due to an (( 
increase of overhead costs, energy producers will be required to reduce 
the number of personnel to its historic relationship with production or 


increase energy sales. Then the average and marginal labor intensities 


become (or remain) equal. 
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Another possible criticism of the procedure used in calculating 
actual labor impacts in this example is known as the aggregation problem. 
For example, the 1970 labor intensities for Sector 37 and 40 are 0.802 
and 0.973 jobs per 107 producers dollars, respectively. These numbers 
were used as the labor intensity of the Trade and Appliance labor inten- 
sities, respectively; in Tables 10. But in a more detailed model 
(Amado, 1976) the retail trade and refrigerator labor intensities are 
(for 1967) 0.993 and 1.662, respectively, or in reverse order of magnitude. 
This problem arises from the fact that Sector 40 not only contains appliance 
manufacturing but also the very labor intensive activities of clothing, 
furniture and shoe manufacturing. This is a classic problem with aggregation 
in the I/O model and can be remedied only in the obvious (and expensive) way. 
Not only is it possible that the energy producers could find alternate 
HSerseoretnesesproducts; and, thus) frustratesthe intent, of. the: NEPsresidential 
plan but the consumer might frustrate it as well. It is possible that the 
consumer will heat or cool residential space which was formerly unheated or 
uncooled due to the size of his annual energy bill. It is possible that 
the consumer will expand his residence size with the dollars saved on 
energy reduction and therefore continue his energy use unabated. It is 
even possible that the energy producer will encourage such space expansion 
to maintain their volume of sales. These pernicious effects derive from 
the condition that the NEP residential program is to a large extent mandated 
and is not being entirely produced by a general energy price increase. It 
is our opinion that mandated programs are of overall energy conservation 
value only if they are appendages to a program of sharply rising primary 
energy prices. If the energy price rise were due to an energy tax, the 
revenues would likely be applied to home improvements which are in agreement 


with the goals of the present residential portion of the National Energy Plan. 


pli 


We note that in the NEP program, the jobs created as a ratio with 
the quads of energy saved is about 37-40,000 from 1985 to 2000. This is 
comparable to Hannon's (1977) estimate (after construction) of 17,000 
jobs/quad and with a detailed analysis of a ceiling insulation program 
which yielded a ratio of 80,000 jobs/quad (Ford, 1978). 

Note that in the year 2000 for example, marginal energy prices would 
have to be (-) $2.70 (1975) per million Btu (weighted to correspond to 
the types of energy being saved) before the residential NEP would not have 
been worthwhile. In 1990 marginal energy prices will have to be 


(-) $1.29 (1975) per million Btu to frustrate the program. In contrast 


the marginal energy price must be (+) $2.00 (1975) in 1980 to make the 
program economically feasible. Clearly there is an initial hurdle to 
clear before the program can be accepted (unless the 1980 expected 
marginal energy price is greater than or equal to $2.00 per million Btu). 
Obviously, the present value of all those long term future dollars 
savings must be greater than the present value of the short term added 


consumer costs before we should proceed. 
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